ABSTRACT: Rapid microbiology and the detection of rare events are important challenges in various fields of aquatic microbiology. Epifluorescence microscopy, flow cytometry and solid-phase cytometry are techniques used for direct methods in microbiology but the range of application of these different instruments is not clearly defined. In this study, we examined the lower limit of bacterial concentration to which each technique can be reliably used. Techniques were compared for the enumeration of (1) fluorescent beads, (2) labeled bacteria at different ratios of labeled/non-labeled cells, (3) Escherichia coli O157:H7 cells inoculated at different densities in tap water, and (4) E. coli O157:H7 cells in artificially contaminated natural seawater. The different methods gave results that correlated well despite the presence of a significant background of unlabeled cells. However, solidphase cytometry was the only technique that allowed the accurate enumeration of rare events (down to 1 cell) providing the same sensitivity as traditional culture methods. The detection sensitivity was not affected by the presence of up to 10 7 unlabeled cells on the filter. In contrast, flow cytometry was a very rapid and accurate method but it could not be applied to the detection of rare events. E. coli O157:H7 cells could be detected rapidly and accurately in environmental water samples in the presence of non-specific bacteria. Solid-phase cytometry combined with taxonomic probes allowed rapid and accurate detection of a large variety of species of ecological interest in a wide variety of aquatic environments.
INTRODUCTION
Culture methods traditionally used in bacteriology have limitations from both quantitative and qualitative points of view. Although these techniques allow the detection of a single bacterium, amplification of the signal is required through growth of a single cell into a colony on a plate. This process is time-consuming and often requires from 24 h to 14 d of incubation before results are available. In most industrial and environmental applications, culture techniques are used to quantify viable bacteria using non-selective or selective media. However, when applied to the detection of specific bacteria (e.g., species of ecological interest, pathogens, etc.) in the natural environment, mediabased methods can be inaccurate because of their selective nature. Microbial ecologists need direct and accurate methods for the detection and enumeration of specific microorganisms in aquatic systems, and for these reasons, developments in this area have been a topic of intense research over the last 2 decades. The challenge has been to find methods that combine a universal application, the assessment of viability, the potential to use taxonomic markers and the ability to detect low numbers of cells.
A wide variety of methods has been developed to analyze the viability of individual cells as well as to detect specific populations (for reviews, see Amann et al. 1995 , McFeters et al. 1995 , Porter et al. 1997 , Kell et al. 1998 , Joux & Lebaron 2000 . Most of these methods are based on the detection of fluorescence and require specific instrumentation. Epifluorescence microscopy (EFM) and flow cytometry (FCM) are commonly used but neither technique is suited to the detection of rare events. This is probably one of the main limitations to the development of direct analytical methods alternative to culture.
The ChemScan TM system (Chemunex, Ivry, France) is a recently developed solid-phase cytometer that uses direct fluorescent labeling of viable microorganisms in combination with an automated detection and counting system. This system can also be applied to the detection of specific bacteria when combined with the use of taxonomic probes such as fluorescent antibodies (Pyle et al. 1999) . The solid-phase cytometer has been proposed as a tool to enable the very rapid detection of rare events in many different products and as an alternative to traditional plate counts. However, although solid-phase cytometry (SPC) was already successful in detecting rare events (Mignon-Godefroy et al. 1997 , it is important to evaluate the accuracy of cell counts provided by SPC by reference to well-known techniques such as FCM and EFM. Furthermore, a comparison of the detection limits of each instrument should be very useful for microbiologists to define which instrument is the most appropriate to their applications.
In this study, we examined the quantitative lower limit to which SPC (ChemScan TM ), EFM and FCM could be reliably used and determined the quantitative range of application of these techniques. Initially, each technique was applied to the quantification of fluorescent microspheres at different densities (independent of the volume to be filtered) and concentrations (which combine densities and volumes filtered). Subsequently, these techniques were applied to the detection of a wide variety of fluorescent bacterial cell numbers with or without a background of non-fluorescent cells. Finally, the 3 techniques were applied to the specific detection of an enteric pathogen, Escherichia coli O157:H7, in artificially contaminated waters to assess the ability of each instrument to detect and enumerate specific bacteria in natural waters.
MATERIALS AND METHODS
Fluorescent microspheres and bacteria. Fluorescent microspheres (1 µm diameter; yellow-green fluorescent, standard M) were provided by Chemunex.
For enumeration of bacterial cells, Escherichia coli (ATCC 8739) and E. coli O157:H7 (CIP 103571) were used. Cells were grown to stationary phase in trypticase soy broth (bioMérieux, Marcy-l'Etoile, France) and incubated at 30°C in the dark on a rotary shaker operating at 100 rpm. An overnight culture of E. coli ATCC 8739 was used to prepare fluorescent and nonfluorescent cells and an overnight culture of E. coli O157:H7, fixed with 2% w/v formaldehyde, was used to inoculate tap water and seawater at different densities (1 to 10 6 cells) corresponding to concentrations ranging from 1 to 10 6 cells 100 ml -1
. Strain ATCC 8739 was stained with a nucleic acid dye and used when a specific marker was not required for the experiments. Inversely, when needed strain O157:H7 was labeled with a fluorescent-specific antibody and chosen because of its public health significance. Fluorescent cells of E. coli ATCC 8739 were prepared by staining the cells with SYBR Green II dye (Molecular Probes, Eugene, OR, USA) (Lebaron et al. 1998) . Cells were stained with a 10 -4 dilution of a SYBR Green II stock solution (concentration not provided by the manufacturer) in the presence of 30 mM potassium citrate and incubated for 30 min. All incubations were at room temperature in the dark. Then, the cells were harvested and rinsed twice, and the working suspension of fluorescent cells was prepared by resuspending the cells in sterile physiological water (0.9% NaCl). The working suspensions of non-fluorescent cells were prepared by harvesting and rinsing the cells from an overnight culture.
Dilutions of fluorescent beads. The concentration of beads in the stock suspension was determined by FCM and EFM. Both enumerations were in good agreement (no significant difference between mean counts, t-test not shown) and the mean number of beads was used to estimate the theoretical number of beads in each dilution. Beads were serially diluted in 0.22 µm pore-size filtered (Millipore type GS) autoclaved physiological water in order to obtain a large range of bead concentrations. The number of beads analyzed varied from 1 to 10 7 . The volume of a given dilution collected to obtain a given number of beads in the sample was calculated from the dilution factor and the bead concentration was determined from stock suspension. Bead counts were then compared by using the 3 instruments. Five replicates of each sample were analyzed. After analysis, the number of beads was calculated per ml of the stock solution and then submitted to statistical analysis (see below).
Preparation of fluorescent/non-fluorescent cell ratios. The concentrations of fluorescent and non-fluorescent cells in each stock suspension were determined as previously described for beads. First, the 3 instruments were compared following the same pro-tocol as that used for beads. Then, according to the type of experiment, SYBR Green II-labeled cells were analyzed alone or mixed with unlabeled cells. The cells were always mixed in a tube before filtration or FCM analysis. Fluorescent cells in the presence of different concentrations of non-fluorescent cells were enumerated within the analysis range of each instrument, which was previously determined from the counting of fluorescent beads. For SPC, densities corresponding to 1, 10, 10 Detection of Escherichia coli O157:H7 in environmental water samples. The concentration of autochthonous microflora in natural waters and the concentration of Escherichia coli O157:H7 in the stock suspension were determined by staining an aliquot of each sample with SYBR Green II (see above). After 30 min of staining, these samples were analyzed by FCM. Water samples (i.e., tap water and seawater) were fixed with 2% formaldehyde (final concentration) to prevent cell division of autochthonous bacteria, before diluting the stock suspension of E. coli O157:H7 to obtain a concentration of 10 7 E. coli cells 100 ml -1 of water. This suspension was then serially diluted in fixed tap water or seawater in order to obtain concentrations of 1, 10, 10 2 , 10 3 , 10 4 , 10 5 and 10 6 E. coli cells 100 ml -1 . All dilutions were made in fixed water to maintain the concentration of autochthonous bacteria in all samples with different concentrations of E. coli. With regard to the detection limits obtained from tap water analyses, E. coli cells were detected in seawater by SPC only at concentrations of 1, 10 and 100 cells 100 ml -1 corresponding to the volume routinely analyzed for water quality assessment. For FCM, the detection was performed at 2 concentrations (10 3 and 10 4 cells ml -1
) corresponding to the range of application of this technique as determined from tap water analysis. Five replicates were analyzed at each concentration.
For SPC and EFM, each sample was filtered through a black polyester membrane (25 mm diameter, 0.40 µm pore-size; Chemunex) before transfer onto a 100 µl drop of phosphate-buffered saline (PBST; 65 mM sodium chloride, 10 mM sodium phosphate buffer, 0.1% Tween 20, 1% counter staining buffer [Chemunex] and 3% bovine serum albumin [pH 7.2]) containing a 1:500 solution of fluorescein isothiocyanateconjugated O157 antibody (Kirkegaard & Perry Laboratories, Gaithersburg, MD, USA). The PBST buffer was previously filtered through 0.22 µm pore-size filters (Millipore type GS) and autoclaved. For seawater analysis, the membranes were pre-incubated for 3 h at 4°C onto a labeling pad (Chemunex) saturated with absolute methanol before being transferred onto the staining solution. This pre-incubation was necessary to eliminate the background fluorescence induced by the presence of phytoplanktonic cells (e.g., cyanobacteria) (Anderson et al. 1999) . Membranes were incubated for 1 h at 37°C in a humidity chamber. The membrane filter was then mounted on a glass microscope slide or on a metallic holder for microscopic and SPC analysis, respectively.
For FCM, cells were stained in solution using the same concentration of fluorescein isothiocyanate-conjugated O157 antibody in PBST buffer and incubated for 1 h at 37°C in the dark. For seawater samples, we used the plot of green fluorescence (FL1) versus red fluorescence (FL3) to distinguish photosynthetic prokaryotes from non-photosynthetic prokaryotes.
In all cases, the concentration of the stock suspension of Escherichia coli O157:H7 cells was determined by FCM. The concentration of cells stained with SYBR Green II was compared with that obtained by the immunofluorescent staining procedure in order to validate the use of both procedures for cell counting.
Preliminary experiments have shown that the use of different staining procedures, including staining before and after filtration, had no effect on the staining efficiency in terms of both fluorescence intensity and cellular counts (data not shown).
FCM. FCM counts were performed with a FACSCalibur flow cytometer (Becton Dickinson) equipped with an air-cooled laser providing 15 mW at 488 nm and the standard filter setup. All parameters were collected as logarithmic signals. Green fluorescence was collected in the FL1 channel (530 ± 15 nm). Cells were enumerated during a fixed time (5 min) at a given flow rate calibrated at the beginning and at the end of each analysis session. Yellow-green fluorescent microspheres (0.95 µm diameter fluorescent size-standard beads; Polysciences Inc., Warrington, PA, USA) were systematically added to each sample as an internal reference. This internal standard allowed the normalization of cell fluorescences, which were expressed in bead fluorescence units.
EFM. EFM counts were performed on an Olympus Provis AX-70 microscope. Microscopic counts were determined following the procedure described by Lebaron et al. (1994) . A minimum of 400 events was counted for each filter and at least 30 microscopic fields were analyzed.
SPC.
Each sample was vacuum-filtered onto 25 mm diameter, 0.40 µm pore-size polyester membranes (Chemunex). The ChemScan TM laser scanning device has been described elsewhere (Mignon-Godefroy et al. 1997) . The fluorescence emission was collected in the green channel (500 to 530 nm).
Two procedures of discrimination between bacteria and background were used. The first used an automatic validation. The signals were analyzed with the MatLab-based software (Matworks, Natick, MA, USA) for comparison with Gaussian curves and discriminated (Mignon-Godefroy et al. 1997) . A set of discriminants was applied to all fluorescent events detected after scanning the entire surface of the membrane, which then allows the differentiation of labeled microorganisms from autofluorescent particles present in the sample. At the end of the analysis procedure, the exact position of each detected cell on the membrane was displayed; this spatial information can be used to drive the motorized stage of the microscope allowing immediate visual result confirmation by EFM. All events positively selected after the discrimination process are validated by microscopic examination (Mignon-Godefroy et al. 1997 ), as true positive or false positive.
In addition, when this automatic discrimination procedure was not used, all detected fluorescent events including background signals were counted by the cytometer and were then manually discriminated under the microscope using the motorized stage as described above. The 2 procedures were applied to all experiments and data were used to compare the counts obtained by SPC using the automatic validation procedure with those obtained using a manual validation step.
Statistical comparison. The mean numbers of beads and cells were determined from 5 replicates and mean values were compared by Student's t-test using Statview software (SAS Institute Inc., Cary, NC, USA) working on a G3 Macintosh computer.
RESULTS

Reproducibility among the staining procedures
The reproducibility of counts was investigated by comparing FCM counts of Escherichia coli O157:H7 cells stained with both SYBR Green II and immunofluorescent procedures. No significant difference (ttest, p > 0.05) was observed, suggesting that both methods are efficient for cell counting (data not shown). Therefore, the immunofluorescent procedure was used when E. coli O157:H7 cells were detected in the presence of non-specific cells, whereas SYBR Green II staining was preferred for cell counting in pure culture and for total cell counts in water samples. When possible, the SYBR Green II staining procedure was used because the staining protocol is fast and simple.
EFM
Bead counts. EFM was applicable in the range 10 4 to 5 × 10 5 fluorescent beads. Analysis of bead numbers lower than 10 4 beads by EFM was difficult because this concentration corresponded to approximately 1 bead per microscopic field.
Cell counts at different concentrations of unlabeled cells. The range of application was the same as that previously observed for bead counts with or without up to 10 8 non-fluorescent cells. However, the presence of 10 8 non-fluorescent cells on the filter was the upper limit since the cells covered the entire surface of the filter. The same results were obtained for enumeration of specific cells in water samples.
FCM
Bead counts. FCM was applicable in the range 1 to 2.5 × 10 6 fluorescent beads ml -1
. This maximum limit corresponds to the detection of 5 × 10 5 beads because each FCM analysis was performed during 5 min at a flow rate of 40 µl min -1 . Cell counts at different concentrations of unlabeled cells. FCM was applicable to the detection of 100 labeled cells when the background of nonlabeled cells was up to 10 8 cells. This minimum detection limit (100 cells) was higher than that previously determined for bead counts (1 bead). This difference was due to the fact that calibrated fluorescent beads were detected within a well-known and defined gate on the cytogram, whereas fluorescence and scatter signals of bacteria are more heterogeneous and their detection requires the analysis of at least 100 cells to be detected on the cytogram. The maximum limit was the same as that observed for bead counts.
Specific cell counts in natural waters. In contrast to the previous results, the detection of 100 Escherichia coli O157:H7 cells was not possible in either tap water or seawater. Therefore, this difference is more likely to be due to the presence of an important background of non-specific signals originating from natural waters. The minimum limit of FCM for specific cell counts in tap water was 1000 E. coli O157:H7 cells. Similarly, it was possible to detect 1000 and 10 000 cells in seawater.
SPC Automatic validation of counts by SPC.
A good correlation was found between the automatic validation procedure and the manual validation step, suggesting that the automatic discrimination procedure of the instrument was good enough to be used (n = 124, r 2 = 0.997) (data not shown).
Bead counts. SPC was applicable in the range 1 to 5 × 10 4 fluorescent beads. More than 5 × 10 4 beads were not detectable by SPC because the counting procedure generally aborted due to excessive data.
Cell counts at different concentrations of unlabeled cells. As previously observed for bead counts, SPC was able to detect down to a single cell with or without a high background of non-labeled cells (up to 10 8 cells). Specific cell counts in natural waters. As expected from the results obtained in the first experiment, SPC was the only system able to detect down to a single cell within a background of up to 10 7 non-targeted cells. The results show that a single Escherichia coli cell is detectable by SPC independently of the volume of tap water filtered on the membrane and, consequently, independently of the number of non-labeled cells (see Fig. 3 ).
In seawater it was possible to detect 1, 10 and 100 cells in the presence of autochthonous bacteria. In this case, a single Escherichia coli cell was easily detectable by SPC in the presence of 1.6 × 10 8 nonspecific bacteria in 100 ml. However, this analysis was only possible when natural seawater was pre-treated by methanol to remove the fluorescence of phytoplanktonic cells. This treatment had no effect on the labeling of E. coli cells (data not shown).
Comparison of counts obtained by EFM, FCM and SPC
Bead counts were compared for a large range of bead numbers (1 to 10 7 ). The theoretical values calculated from the concentration of beads in the stock solution and consequently in serial dilutions were well correlated with those measured by SPC within a wide range of bead numbers (Fig. 1) . Because of the previous results, FCM and SPC counts could only be compared in the range of 1 to 5 × 10 4 beads. Counts were highly correlated, although correlation across 5 orders of magnitude facilitates high r 2 values (n = 8, r 2 = 0.998) (Fig. 2) . Comparison between EFM and FCM was only possible in the range 10 4 to 5 × 10 5 beads because of the respective detection limits of these instruments. In this range, the correlation of counts was exceedingly good (n = 5, r 2 = 0.999) (data not shown). Then, the mean concentration of beads in the working solution was determined from the counts obtained by each method and at each bead density. The equality of mean values determined at different densities was then tested by combining the different instruments. When the comparison was possible, the equality of counts was accepted, suggesting that each technique provides accurate counts at densities within its respective range of application (Table 1) . When 2 or 3 methods could be used, depending on the density analyzed, no significant difference was observed at probabilities of 0.01 or 0.001. After that, the ability of each instrument to detect very low numbers of fluorescent bacterial cells within a wide background of unlabeled cells was investigated in the range of application of each technique as determined from Table 1 . These analyses were performed to ascertain whether the lower detection limits of each instrument previously determined with beads were similar when applied to fluorescent bacteria and to investigate the influence of non-target cells on these limits (see 'Materials and methods'). Higher detection limits were not tested because, when needed, concentrations can be lowered by dilution. The application of each instrument for cell counting was tested at different ratios of labeled versus unlabeled cells. The suitability of an instrument for cell counting at a given ratio was deemed acceptable when the mean counts were not significantly different from those in the working suspension of cells. The ranges of application of EFM and SPC were the same as that previously observed for bead counts with or without up to 10 8 non-fluorescent cells (Table 2) . However, the minimal detection limit of FCM was raised up to 100 labeled cells when the background of non-labeled cells was up to 10 8 cells. In order to use these techniques for environmental applications, it was important to evaluate their ability to detect specific bacteria in a complex environment.
Each instrument was applied to the detection of Escherichia coli O157:H7 inoculated in tap water at concentrations ranging from 1 to 10 6 cells 100 ml -1 . These concentrations correspond to those commonly encountered in the routine analysis of drinking water. The concentration of non-targeted bacteria in tap water was 1.36 × 10 7 cells 100 ml -1 . E. coli was detected in the range of application of each instrument as determined from Table 1 . E. coli counts determined by the different instruments were compared at only 2 densities of E. coli cells corresponding to densities at which at least 2 instruments were applicable (Table 3) . In all cases, cell numbers were in good agreement between instruments. The accuracy of counts determined for each instrument and at a given E. coli concentration was acceptable when mean counts were not significantly different from those measured in the working suspension. Thus, the application of an instrument for E. coli enumeration was determined by testing the equality of counts obtained at a given density and with a given instrument to those determined in the stock suspension (Fig. 3) .
DISCUSSION
Direct methods for cell counting including EFM, FCM and SPC are being increasingly used for the very rapid assessment of microbiological contamination in clinical, environmental and industrial environments (Pinder et al. 1990 , Parthuisot et al. 2000 , Rushton et al. 2000 . However, since little research has been undertaken to determine the quantitative detection limits and the accuracy of counts within a given range of cell densities and concentrations for these techniques, the findings here should allow the selection of the most appropriate instrument for a given application. Table 4 and the quantitative detection limit of each technique is shown in Fig. 4 . The concentration of cells by filtration can be combined with most techniques but not with FCM, whereas cultures can be grown independently with a liquid sample or using filtration when needed to analyze a large volume of liquid. Therefore, EFM and SPC are only applicable to filterable samples. For any microscope, the detection limit corresponds to the detection of a single cell per microscopic field, which generally requires the presence of at least 5 × 10 3 cells cm -2 on the filter (at a magnification of ×1250), though this limit may vary depending on the magnification coefficient of the microscope and should be lower for larger organisms (Table 5 ). In addition, in contrast to culture methods and SPC, the accuracy of microscopic counts is dependent on the number of cells per microscopic field and on the distribution of cells on the membrane since counts are determined from the examination of a very small area on the membrane, and an assumption is made that cells are homogeneously distributed (Lebaron et al. 1994) . Furthermore, microscopy is not adapted to the detection of rare events and this limitation is amplified when targeted cells are diluted within a background of non-targeted cells. Indeed, targeted cells cannot be detected when they account for, as in the case of some pathogens, < 0.01% of total cells because non-targeted cells cover the entire surface of the filter and may mask the fluorescence of targeted cells.
With fewer than 100 cells ml -1 it is difficult to ensure the reproducibility of samples for FCM and other techniques. In this case, it is necessary to examine a large volume of samples to obtain a statistically significant estimate of cell density (Pinder et al. 1990 ). However, analysis of large volumes is often difficult or even impossible. For instance, if 1 ml of sample containing 100 targeted bacteria is passed through the cytometer at a flow rate of 40 µl min If a cell concentration falls below 500 cells ml -1 and a mean flow rate of 40 µl min -1 is used, the time of analysis may be > 5 min leading to difficulties in discriminating the cellular population on the cytogram.
Unlike traditional culture methods, SPC allows rapid detection of total as well as active cells when combined with physiological probes (Catala et al. 1999 , Parthuisot et al. 2000 . Moreover, this technique is the only direct method appropriate to the detection of rare events that provides the same detection limit as plate count techniques. The main advantage of traditional culture methods is the ability to isolate cells for further physiological and genetic analyses. Although this isolation is more difficult with direct techniques using filtration, it may be possible with EFM and SPC by incubating the filters at the surface of a solid medium. However, subsequent culture depends on the toxicity of the dyes used for staining and detecting the cells since most of these dyes have toxic effects on the bacterial metabolism (Ullrich et al. 1996) . Flow cytometers equipped with cell sorters may also permit the sorting of a specific population and its subsequent culture and isolation, but this procedure is time-consuming and cannot be applied routinely.
Most of the techniques based on the use of fluorescent probes are adapted to multiparametric analysis. They do not rely on the measurement of a single property but rather on a correlation between different measurements. For instance, this multiparametric approach may be of great interest to analyze the physiological state of specific individual cells combining physiological and taxonomic (i.e., antibodies) probes but it has received little attention up to now because it concerns the detection of rare pathogenic bacteria not detectable by FCM and EFM. The ChemScan TM cytometer could provide a new and appropriate tool for this kind of application. One of the main limitations to this approach is probably the single wavelength of excitation available on this cytometer, which limits the combination of fluorochromes.
The main advantage of SPC, based on the scanning device, is that it is possible to detect a single cell on the total surface of the filter. In contrast with EFM, this minimum detection limit of SPC allows a reduced volume of sample to be filtered and, thus, the proportion of non-targeted cells. Consequently, it also reduces the risk of membrane blockage when samples containing non-cellular particles are filtered. Furthermore, the detection limit of this instrument is similar to that of the traditional plate count technique combined with filtration.
The data presented in this study have shown the potential of SPC for the rapid detection of low numbers of Escherichia coli O157:H7 cells in natural water. In fact, classical methods of detection of E. coli O157:H7 Table 5 . Detection limits of EFM depending on the magnification factor used. Calculations are done for a 25 mm diameter membrane, an effective filtration area of 20 mm diameter and an additional magnification factor of 1.25 Fig. 4 . Quantitative limits of EFM, FCM, SPC and traditional plate count techniques in water samples require selective and confirmational enrichments that can take 2 or 3 d and require a final biochemical and serological characterization that can take up to 4 d. Actually, there are several commercial E. coli O157:H7 detection kits, but most of them require lengthy enrichments to achieve comparable sensitivities (Czajka & Batt 1996) . SPC has been recently applied to the sensitive detection of E. coli O157:H7 in food using an immunomagnetic separation step (Pyle et al. 1999) . The instrument offers the advantage of a rapid and accurate quantification of bacterial cells within a large range of cell densities. Its application to the detection of rare pathogens (including bacteria, protozoa and phytoplankton) in aquatic samples and to sterility assessment opens new perspectives in the domain of water quality control but also in the field of microbial ecology for the study of specific populations. The ChemScan TM system has already been applied to the rapid detection of viable cells in the pharmaceutical industry (Wallner et al. 1997) and to the detection of Cryptosporidium parvum in drinking water , Rushton et al. 2000 . As for E. coli O157:H7, detection of protozoa such as C. parvum and Giardia lamblia is often long and laborious and the use of SPC offers new perspectives for their detection in water .
In conclusion, the range of applications of these 3 techniques was quite variable. In microbial ecology, the use of FCM for enumeration of total or active cells seems to be suitable for global studies, whereas SPC may allow analysis of the spatial and temporal dynamics of specific populations present at low densities and within a background of nonspecific cells. These applications require the use of fluorescent taxonomic probes such as antibodies combined with physiological probes to assess both specificity and viability of the cells. SPC could be a good alternative to laborious and time-consuming culture methods for the detection and enumeration of a wide variety of specific bacteria or protozoa in natural samples.
